ABSTRACT
Introduction
Fungal diseases of the paranasal sinuses include allergic fungal sinusitis, fungus balls, acute invasive fungal infection, and chronic invasive fungal infection. Allergic fungal sinusitis and fungus balls are forms of chronic non-invasive fungal infections. Fungus balls are mostly encountered in older immunocompetent patients with a female predominance. Non immunocompetent patients are more exposed to invasive forms of fungal infections. The most commonly affected paranasal sinus by fungal infection is maxillary sinus, followed by ethmoid and sphenoid sinuses. Frontal sinus is often involved secondarily in association with other sinuses. Isolated fungal infection of frontal sinus is very exceptional. [1] [2] [3] [4] [5] Fractures of the frontal sinus represent 5 to 12% of all the maxillofacial fractures. The most common skull-base complication of these fractures is mucocele and the most potentially serious complication is cerebral spinal fluid (CSF) leak because it involves a risk of central nervous system infection. 6, 7 It is known that a delay in treating fractures of the frontal sinus when indicated is associated with an increased risk of serious infectious complications. 8, 9 It is also a fact that complications concerning frontal sinus fractures may develop even after many years from the traumatic episode. 6, 7 We present an unusual case of isolated frontal sinus fungal infection in an immunocompetent patient, in whom the only pre-existing special condition was an old fracture of the anterior table of the involved frontal sinus that had happened seventy years before.
To the best of our knowledge, this is the first reported case in which these particular circumstances coexist.
Case report
A 74-year-old immunocompetent patient was referred to us with one week history of spontaneous purulent secretion from the lateral aspect of the right supraciliar region. He presented no history of chronic disease, or any particular medical condition except from an old right frontal sinus fracture due to a horse accident at the age of four. This fracture was limited to the lateral aspect of the anterior frontal sinus table, and never showed any complication. The patient was not able to describe how this fracture had been treated, and no reports on the subject existed. The patient presented a two months history of right frontal headache followed by swelling over the right supraciliar region. The patient was treated with oral antibiotics for a suspected superficial cellulitis but he did not improve, and instead, a purulent secretion appeared on the lateral aspect of the right supraciliar region. This drainage increased when the patient blowed his nose. Cultures from this purulent secretion were negative. The patient, however, never had fever or any systemic affectation, and remained in good general condition throughout the hole process.
A CT-scanner revealed an old right frontal sinus fracture involving the lateral aspect of the anterior table, and communicating the right sinus with the subcutaneous soft tissue. The bone loss could be attributed to the fracture itself or to the erosion effect of the current pathological process. The sinus was filled with an heterogeneous opacity with a few calcified spots and some areas of hyperattenuation. The other paranasal sinuses were free (Figure 1 ). An MR demonstrated iso-hypointenese lesion on T1 occupying the right frontal sinus with extension to the subcutaneous soft tissue through the bone defect. This lesion presented heterogeneous gadolinium enhancement and air bubbles, suggesting infection or less probably a neoplastic process that had communication with external skin (Figure 2 ).
The patient underwent surgery to remove the lesion, repair the skin defect, and to obtain more samples for histological and microbiological analysis.
A right supraciliary approach to the frontal sinus was performed. A brownish cheesy material was found filling the frontal sinus. The frontal ostium seemed to be intact. The sinus mucosa was completely removed, and the frontal ostium was obliterated. No sign of bone affectation was found.
Cultures from the obtained material were negative. Hystopathological analysis revealed branching hyphae mass with chronic inflammatory infiltrate composed of plasma cells, neutrophils, and calcification foci. No mucosa invasion was found. These findings confirmed mycosis infection of the frontal sinus, and specifically a fungus ball ( Figure 3) .
The patient presented good postoperative outcome and was discharged three days later. He received an 8-week oral treatment of posaconazol (following the infectologist's instructions), and showed no complication during the follow-up period.
The MR performed one year later showed postoperative residual changes and no sign of lesion recurrence.
The patient remained asymptomatic and showed no recurrence during the one year follow-up period. 
Discussion
Fractures of the frontal sinus account for 5 to 12% of all maxillofacial fractures. They are the cranial fractures most frequently associated with facial fractures. They are generally secondary to motor vehicle accidents but also, and increasingly, associated with personal aggression, sport injuries, falls, and falling objects. [10] [11] [12] [13] [14] [15] [16] Complications that may be associated with frontal sinus fractures are: mucocele, mucopyocele, cerebrospinal fluid (CSF) leak, intracranial complications such as intraparenchymal hemorrhage, brain abscess, pneumocephalus, tension pneumocephalus, expanding pneumocephalus, intracerebral pneumatocele, meningitis, encephalitis, cerebral contusion, increased intracranial pressure, chronic headache, ophthalmologic and orbital complications such as decreased visual acuity, blindness, orbital abscess, cellulitis, muscle entrapment, ophthalmoplegia, and maxillofacial complications such as chronic sinusitis, frontal sinus cutaneous fistula, contour deformity, osteomyelitis and local paresthesias or dysesthesias. 11, [17] [18] [19] [20] [21] [22] Mucocele is usually related to injury of nasofrontal ostia or nasofrontal ducts that are undiagnosed or poorly treated. If the frontal sinus mucosa gets isolated from nasal cavity, or is left behind after a frontal sinus fracture repair, it may develop a mucocele even after several years. 23, 24 Cerebrospinal fluid leak is a serious complication that may lead to severe intracranial infections if unrecognized or untreated. Most of the time CSF leak is transient, but it may be persistent and require cranialization and dural repair. 25, 26 Management of frontal sinus fractures is controversial due to the possibility of late complications and sequelae. 6, 7 It is generally accepted that the importance of the nasofrontal outflow tract injury, the degree of involvement of the posterior sinus table, and the presence of persistent CSF leak, are important factors that preclude surgical management for these fractures. 22, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Posterior table fractures with severe comminution, CSF leak, or nasofrontal ostia involvement should be treated with cranialization. If the posterior table is intact and the nasofrontal ostia are damaged, complete removal of the mucosa and obliteration should be performed. If the anterior table is displaced and the posterior table and the nasofrontal ostia are intact, reconstruction should be indicated. 6, 7, 15, [37] [38] [39] [40] [41] Once indication for surgical management is established, a delay in performing surgery beyond 48 hours is associated with an increased risk of life-threatening infectious complications. To avoid serious infections in these patients, it is advisable to perform surgical intervention as soon as the patient is stable and in reasonable conditions to undergo surgery. Despite the benefit of early surgical intervention, these patients most often present with other and more severe intracranial and body injuries. Thus definitive management is often delayed until the patient's neurological and medical condition has stabilized. 8 On the other hand, the efficacy of antibiotic prophylaxis beyond the perioperative period in frontal sinus and skull base injury is unclear. Prolonged antibiotic use does not significantly reduce infection risk, and should be reserved for those with other risk factors. 8 Concerning fungal infections of the frontal sinus some aspects are to be stated.
Fungal diseases of the paranasal sinuses include allergic fungal sinusitis, fungus balls (mycetoma), acute invasive fungal infection, and chronic invasive fungal infection. 3, 4 Allergic fungal sinusitis and fungus balls are forms of chronic non-invasive fungal infections. Fungus balls are mostly encountered in older immunocompetent patients with a female predominance. [1] [2] [3] [4] 42 Non immunocompetent patients are more exposed to invasive forms of fungal infections. Aspergillosis is the most common fungal infection of the paranasal sinuses. [42] [43] [44] The most commonly affected paranasal sinus by fungal infection is maxillary sinus, followed by ethmoid and sphenoid sinuses. Frontal sinus is often involved secondarily in association with other sinuses. Isolated fungal infection of frontal sinus is very exceptional, with few reports in the literature. [1] [2] [3] [4] [5] 45 The most accepted etiopathogenic mechanism of mycotic infections of the paranasal sinuses is the "aerogenic model" in which inhalation of the fungal spores lead to fungal colonization, and in turn, infection. 42, 46 Those sinuses with a more direct route of access from the nasal cavity are more likely to be involved in these infections. Compared with other paranasal sinuses, frontal sinus has lower susceptibility to fungal infections because its ostium is located in the antero-superior part of the nasal cavity, thus the least accesible part to inhalated spores. 47 The other postulated etiopathogenic mechanism is the "dental model" which is based on orosinusal fistula or perforation of the maxillary sinus by root canal-filling material. 46 This mechanism was not responsible in the case we present because there had been no previous dental procedures, and the maxillary sinus was not involved.
Clinical presentation of isolated frontal sinus mycosis includes poor nasal symptoms, frontal and periorbital pain, unilateral headache, frontal pressure sensation, and unexplained epistaxis. Anyway, isolated frontal sinus fungal infection is often symptomless until complications such as orbital or intracranial invasion occur. 4, 5, 43, 45, 48, 49 In the case we present the patient showed unilateral headache, supraorbital swelling, and finally, a purulent secretion on the lateral aspect of the supraciliar region (which is extremely exceptional and it is not described in the literature).
On CT scanner fungal infection of frontal sinus generally shows heterogeneous expansile lesions with central hyperattenuation. Bony destruction of sinus walls may be present and it is commonly the result of pressure atrophy and dissolution by proteolytic enzymes and cytokines that are produced as part of the inflammatory process. Irregular contrast enhancement can be present. Microcalcifications or metallic dense spots associated with sclerosis of the bony wall suggest the presence of a fungus ball. On MR sinus fungal involvement generally shows iso-hypointense lesion on T1 and more hypointense signal on T2. [3] [4] [5] 42, 45, [50] [51] [52] The case we present shows bone defect, dense calcified spots in the CT scanner, and low signal on MR. These findings are consistent with frontal sinus fungus ball, specially aspergillosis.
According to the literature only 23-50 per cent of fungus ball cultures are positive, and Aspergillus flavus and A. fumigatus are the usual responsible pathogens. 4, 5, 53 In our case the microbiological cultures were negative. Because of the non-specific symptoms and the poor microbiological results, diagnose of isolated frontal fungal infection relays on the radiological and histopathological findings. These include granulomatous inflammation elements, branching fungal hyphae, calcification foci, and lack of tissue invasion (which is characteristic of fungus balls). Special silver technics such as Gomori's Methenamine Silver stain help to reveal the branching hyphae structure, which is of acute angles for Aspergillus. 3, 54, 55 These findings were present in our case (Figure 3) .
The case we present shows affectation of the anterior table of the right frontal sinus and indemnity of the nasofrontal ostium (which is the presumed way of the infection).
It is certainly difficult to establish a clear relationship between the fracture and the fungal infection in the case we present, especially when there is a gap of 70 years between both circumstances. But the fact is that the only special or anomalous pre-existing condition in this patient is the presence of the fracture of the anterior wall of the frontal sinus. Local tissue damage as well as general immune deficiency facilitate the progression of the colonization of inhaled fungal spores into distinct forms of sinus mycosis (invasive or non-invasive). 42 The fracture of the anterior wall of the frontal sinus in the case we present can certainly be considered as local tissue damage, and it might have played a role in the occurrence of the fungal infection but it is surprising that it had happened 70 years before, and with no other general or immune deficiency. The fracture did not affect the permeability of the frontal ostium as it could be constated during the surgery, and this is also supported by the fact that the patient did not develop a mucocele as a late complication, and, on the other hand, he did develop a fungal infection. Patency of the nasofrontal ostium is also demonstrated by the presence of secretion through the supraciliar region when the patient blowed his nose. May the fracture and the overlying scar tissue facilitated the drainage of fungal material through the supraciliar region instead of draining through the nasofrontal ostium. However nose secretion or rhinorrhea is not seen in cases of fungus ball sinus involvement, and instead, can be present in the allergic fungal sinusitis forms, which are usually associated with sinus polyposis, raised immunoglobulin E levels, and Charcot-Leyden crystals and allergic mucin on histopathology as well as lack of fungal hyphae within the soft tissues. 45 Very few cases of isolated fungal infection of the frontal sinus are reported in the literature.
Late complications of frontal sinus fractures can be seen even years after the traumatic episode, but these are usually as mucocele or mucopyocele.
The case we present constitutes an exceptional case in which very unusual circumstances coexist. There is a cranial fungal infection on an immunocompetent patient. There is an isolated frontal sinus involvement. There is a gap of 70 years between the occurrence of the fracture and the fungal infection.
